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Several possible sffects of heavy rain on 'the aero-'"
dynamic performance of an airplane and of heavy raln aud. : ,
assocliated atmospheric phenomena on the indicatlionsiof 7. -
flight instruments are briefly considered. --- =

It is concluded that the effects of heavy rain on
the performance of an airplane are not so great as to
force the sirplane down from moderate altitudes. Serious
malfunctioning of the air-speed 'indicator may ‘occur, how-
ever, as a result of flooding of the pitot-static head - =
and’ subseguent accumulation of water in ths alr-speed - y
pressure line. In strong convective situations, like . i+ -
thunderstorms, the rate-of-climb indicator may alszo be' '~ =
seriously in error owing to ‘rapid variations of atmos- B : '
pheric pressure whsn entering and: emerging from the con=
vection currents.s 70 L. . . & SRR

S+~ - . . INTRODUCTION ' . L

- T Be e e R — o -

‘As a result of some recent flight ‘experiences mumder
veather conditions in which heavy rainfell was an out- T
standing characteristic, the question of the effect .of :
such rainfall on the aerocdynamic performancé of alrplanes
was raised, particularly with regard to the possibility
that an airplane might be forcead to earth from moderate-“ T
altitudes.' : , . » ; . e

- . s . . . e N

"when the excessive drag and the low power d? GIEbr e
airplanes and the high wing and power losdlings of the o T
newer types of alrplanes are considered, alittle reflec- o
tion indicates ‘that even heavy rainfall should not in- =

crease the drag or the weight of a modern transport air—

'plane sufficiently to force the alrplane down or evei t9o

interfere seriously with its normaml flight. Nevertheless,
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it is of some interest to- considqr the .question briefly
from a quantitative point of view to gain a concept of
the order of the reduction fii~ perfoermance and of the
behavior of the airplane under certaln-circumstances.

In addition, because the airplane is frequently fiown
blind or by instrument when beavy-rainfall is encountered,
any effect the rain might have on the indications of the
instruments is of potential importance.

In this paper, several calculated effects of rain-
fall on the asrodynamic performance and the behavior of
a.typical transport alrplate are presented. The effects
of rainfall and of the changes in alr density on the air-
speed indicator and on some of the other instruments af-
fected bhy atmospheric conditions . are also briefly dis-
cussed. .

RAIN DENSITY

According to a recent estimate prepared by the U. S.
Weather Bureeau, the maximum rain density likely to be
experienced anywhere in the eastern portian of the. United
States.is about 50 .grams of free water per cubic meter of
eir. This valué represents extreme conditions of actual
rainfall in & cloudburst, which 1s the sudéden dropping of
large gquantities of water that have, throughk devious con~
vection processes, been accumuilating in g relatively re- .
stricted zone within the storm eloud., Such a rainfall
has & very short duration, namely, about 1 minute. A
rain density of 50 grams of free water per cubic meter of
air 1s equivalent to a rainfall of about l,4 inches per
minute 1f the falling velocity is taken as 12 meters per
second, which'1s the sum of an assumed veloclty relative
to the air of 5 metars per second, and an assumed velocilty
of the descending alr current of 7 -meters per second, .

In the following analysis, calculations are based on
the estimated maximum rain density of 50 grams per cublc
meter, Although greater densities within storm clouds
are not entirely precluded, it is felt that greater values
must be extremely rare and of extremely limited duration
or spatial extent., The limited duration of the greater
densities has congiderable bearing on.the-problem because
the duration at usual flight speeds would: have -to be of
appreclable magnitude to force an airplane down from the
ordinary crulsing levels even if .the.forces involved wers

.

‘e
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great.. The galculations are further based on an assumed
average - falling velocity. of the rain,. relative to air, of
20 feet per second. This. yalue wge,chosen after examina-
tion of figure 1 of reference 1; it 1z somewhat greater

than the Weather Bursau's estimated value of & meters per

. second and is therefore relatively ‘conservative. .It

should- be noted that the falling velocity of the rain
relative to the earth is irrelevant because an airplane
flying through a descending air current moves with the

air, except for disturhancee caused by turbulence or by
sudden transitions from one current to another.

BT I

AFTECTS OF RAINFALL ON AIBPLANE PERFORMANCE

Heilght Increase from sccumulasted water.- An airplane
fiying in rain 1s sudbject to an increase in weight caused
by the adherence of the water to the various, surfaces of
the alrplane. Visusgl’ oﬁservation in flight through rain
indicates that some water accumulates at cértein small
regions, that .s5ome water sdheres <in .ths form of fine..drops
which are -continually bYeing forced :bgck by -the frictiqn
of the alir sitream, and that some water adheres in the form
of large-drops whick move very 'lititle, -¥f at all. OQbvious-
ly, water cennot exist “in any substantial depth except
over limited .areas where .a balance of aerodynaemic and
gravitational forces on the water exists because it 1s
either. blown off by the ‘air etream oz flows off by the'
action of- gravity. R . 3 . .

- -

,_:. t..' e _',. . 8 . - o R

In order to get an idea of the weight increase Tew
sulting from ddhering water, & sheet of duralumin was
welghed dry and after ‘it was :dipped.in water. The in-
crease in weight per umit area resulting:from the adher-
ing watér was .such ‘that, 1f the 'same amount were assumed
to adhere to the entire surface :of :an airplane having a
wing loading of .24 -pounds ‘per-.squgreg . foot, the weight of
the alrplane would be increased by only a small fraction

A

.of ‘1 percent.,:Such.an-amQuntgwouliﬁ of’eourse;zbe negli-
.gible.;‘g L ~;;} O :

SRl e « -
oy . I ‘e L 5 I,
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The_weight increase must, in . any casé; be very small
for, even in the inconceivable case of a layer of water

. one=quarter inch .thick over the entiye wing, the welght

increase would be only about 5 percent.
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falling rain.- Rain consists of a mixture’ of fine and rel-
atively large drops of water thet fall at various veloc~
ities dependent upon their eize.

The large or heavy drops of such & rain impinge upon
the upper surface of an airplane in such .2 manner that a
downward pressure 1s exerted owing to the change in the
vertical momentum of the raiddrops. With a raein density
of 50 grams per cubic meter  (0,003122 1b/cu ft) and a
fealling veloclty of 20 feet per second, there 1s obtained

ELEEL=.QE V='O.003122¥20x 20 0.0388 pound per square
dt . . dt 32.2 - . : ‘foot of wing area

F=

This downward force 1s only 0.2 percent of & wing loading
of 24 pounds per square foot. It is therefore negligible.

Drag resulting from impinging rain.- Because of the

forward motion of the airplane, ralndrops also impinge on
the frontal area and give rise ‘to an increase in drag.
Because the speed of the airplane is high and the rain
pressure varies as the square of the speed, and because
the normal drag per unit frontal area .1s small as compared
with the wing loading, it is immediately clear that the:
drag of the railn may mnot be negligible. Thils questian .
must therefore be considered in more detail.

4lthough 1t would he possible to make a more refined
analysls of the problem, for the present purpose it is
sufficient to consider two limiting assumptions:

(1) The rain consists entirely of fine drops with an
inertie that 1s small as compared with the
-viscous forces exerted by the air. This as-
sumption 1is equivalent to considering that the
welght of rain per unit volume of air adds, in

"effect, to the -alr density.

. (2) .The rein consists entirely of large drops that
will not follow the air' flow but will .implinge
directly on the frontal area and will be ac~-

elerated to the speed of the airplane.

Obviously, the true condition will: lie somewhere between
thegse limits. . o

‘For a rain density of 0.0031232 pound per cubic foot
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and the DC-3 airplane crulsing at 190 miles per hour,
there 1s obtained:

Assumption (1)

‘The density of dry ailr at 5000 feet, standard atmos-
phere is 0.0659 pound per cublc foot.

The virtual increase in density of the air resulting
' 0.003122
0.0659
or- 4.7 percent. If the slight effect resultling from the

from the presence of the free water is = 0.0474p5000

.change in 1ift is neglected, the increase in drag wlth the

speed constant is likewise 4.7 percent, an unlimportant
value.

Assumption (2)

The power required for level flight through rain 1ls

P

3 .
- CppS,V L, &(M7) SgV
T 5 x 550 at 550

where S, 1s the wing area and Sy is the projected

frontal area (220 sq ft for the DC-3 airplane). The sec———--
ond term on the right-hand side of the equatlon represents
the extra power required to overcome the drag of the im-
pinging rain. If, in first approximation, 1t 1ls assumed
that Op and p- remmln constant as the airplane flles

into the rain, it is easy to evaluate the reduction in
speed resulting from the drag of the rain at constant
power output and. also the power absorbed by the rain. By
use of only the second term, fthe dive anglé and the verti-
cal veloclty can be determined for the case 1n which the
speed and the englne power both remaln constant; thls case
represents the possilble result during blind flight i1f the
pllot maintains constant speed..

In air that’is free of rain,

CppSy V>
P, = ————=0.6 %1800, or 1080 horsepower
2 X 550

Therefore

GDPSW

= 0.02735
5 0.0273
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In rain, with the same power output and with CppSy/2
remaining constant

1080 X 550
0. 005122 >220

V=23
0. 02735+-<

= 230.feet per second
The reduetion In speed is therefore

279 < 230
279

= 0,176 or 17.6 percent

The power absorbed by the rain is

e 3
0.003122 x 220 X 230

: = 473 horsepower
32.2 X 550 )

or 26.3 percent of the total available power.

In order to maintain a constant speed of 279 feet
per second with &’ constant engine’ power, the” power re— .
quired by the rain must be supplied by gravity...Therefore

279 Wsin B 0.003122 X 220 X 279
550. " 32.2 x 550 ,

With the wéight 'W . assumed to be 24,000 pounds, the dive
angle B 1is 4,0° and the vertical velocity is

279 sin,B = 19.5 feet per éecond

The foregoing results clearly show tha't, although the
effect of the impinging of the heavy rainfall on the fron-
. tal area of a modern trangport airplape is.not. negligible,
it is unlikely to force an airplane down, “As previously
pointed out, the results obtained under assumption (2) are
conservative because rain does not actuzlly coneist en-
tirely of large drops, the momentum of which would be com~
Pletely arrested in the manner assumed. The power absorbed
by the rain, although substantial, is less than the reserve
power available. If the reserve power is not drawn upon,
the speed is not seriously reduced. Finally, if the pilot
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maintalns constant speed and engine power, the path angle
and the ‘rate of descent are not such as to result in .
serious conseguences. The conservative rate of descent
calculated, which is equivalent to about 1200 feet per

.minute, would have to be maintained for over 4 minutes

and throiagh a horizontal distance of about 123 miles te
bring an airplane, flying at 190 miles per hour, down from

“‘a cerulsing altitude of 5000 feet.. Such an extent of the

rhegavy rainfeall assumed 1n these calculations is extremely
improbable. .

Increase in dra oefficient due to rou henin effect

.'0f adhering rain.- In the foregoing example the possidbility

of an increase in the drag coefficient of the airplane _
arising from disturbances to the air flow caused by adher-
ing rain was not consldered. Because of the lack of test

data, it is impossible t6 calculate this.effect. Any in-

- crease in the drag coefficient resulting from rain, however,

is probably small on existing airplanes, as observations
of wing surfaces during flight indicate only a slight
roughenling as compered wlith the structural roughness of

lapped plates, exposed rivet heads, :and waves in the skin.

A calcnlation was made on the rather conservative
assumption that water could accumulate on the wing in a

.manner that would result in's protubsrance 0.005¢c in

height and located at 0.05c behind the. leading edge, where
¢ 1is the wing chord. The  increase-in drag coeffliclent
resulting from such a protubsrance is reported in refer-
ence 2. The results of the calculation indicated that,
with cruising power and speed maintained constant, the
DC~3 airplane would descend.along a path inclined but 3°
to the horizontal and that the vertical velocity would be
156 feet per second. Co

»

EFFEGTS OF RAINFALL AND ASSOGIATED ATMOSPHERIG PHENOMENA

oN INSTRUMENT INDIGATIONS

T

Heavy rainfall as-has been implied: hereiﬂ, is usually

tions with strong vertical currents .and turbulence. It is

"well known that in rough air .some of the instrument indica-
“tions fluctuate about their mean values, sometimes quite

violently.. Troublesome as.these. fluctuations might be to
the pilot, they are not of .primary concern here, although
it is worth noting that the gyro instruments may be thrown
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out of actidon -éntirely and that the fluctuation of all
instrument "indications may obscure the correct interpre-
tation of thé attitude of the airplans, particularly when
the attitude has been disturbed as a result of previous
reaction to- instrument 1ndications that were actually in
error: - - :

3 oy .

" ThHe effects under -consideration are actual errors or
‘esséntially false indications having thelr origin in at~-
mospheriec conditions directly or indirectly assoclated
with rainfall.

Effect of chang_ of atmospheric pressure and densigz

at constant altltude.- Although not directly related to
rainfall, a question has besen raised concerning the possi-
ble effects on instrument indications of changes -in air
density 'at the ‘same altitude within thunderstorms.. If
such changes exist, the readings of the air-speed indica-
tor, the gltimeter, and the ratsnofmclimb indlcator could
be affected by Whem. T : .

.
o ., . an

As far as the -author’ has -béen able +o datermine.
neither pressure nor density measurements within convec~
tion currents have been made Trelative to ‘similar measure-
ments.outside them at the 'samd absslute sltitude; nor,
apparently, are’ these quantities 'amenabdle to calculation
because - of. thHe gumerous ‘variabled of unknowr magnitude
that 'affeet the result.. -‘Thdt hidrizomtal grddlents in
both "air dedsity and pressure 'do occur-within thunder-
storms ‘is- hardly open '$o .question; Howsever, ~for barometric
measurenents at the ground indicate rapid ohanges in the
pressure "of 'several millibVars during-the pasQags ‘of such
storms. ThHewe charges ard causged by "the reduced mass of
the vertical asir column over the storm area resul¥ing from
either heating or rotation of the air within .the storm or
from a combination of the two. The maximum reduction in
density and pressure would therefore be expected at - ground
level but, because of the great helght of many thunder-~
storns, relatively Targe Feductions may also be expected
at the usual flying levels.

Although-rough»éalcu&atiouﬁ indicate that the density
chenges 'in thunder¥storms are ordinarily of such small mag-
nitude "that the air~speed ‘indicator would e affected. oply
to 'a negligible degreée, the '‘pressure changes may be suffi-
cient "to cause aerrors in 'the altimeter of ‘2% much as a few
hundred ‘feet.-: The rate-~of-climd indicator may be so
greatly .in error as to be useless as the apparent changes
in altitude may occur within periods of time less than 1
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minute, depending:on jhe pressure,gradients. within the
storm-and the- speed and. . the: dlrecticg of flight of the
airplaﬂe. . . ; THon ST )

b reth g

Lol - “a

-Accumulatignnof.rgin*in.ai;—speed-gupes.é Air-speed
heads on transport airplanes are frequently located below
the nose- of. the fuselageu~-TComsequently, 1f rain water.
can> enter and ascend:the pressure tubes toward the 1indi-
cator,-an error will result.- The-questlion is: Can modern
pitot-static heads flood 4in:heavy rain and, - if so, can
the water.rise in either the pressure. or. the Static lines?

- = RO oo ‘-.._. ot - [ AR

% N » [T H

In principle, modern airkspeed heads are SO designed
that rain entering the pitot opening impinges.-on &an in-’

terior baffle plate, falls to the bottom, and finally

drains through any or. all of several drainm holes~ The

dynamic pressure 1s conveyed to the pressure line through
an opening in the baffle: plate away.from' the aréa. of im-
Pingement, so that water should not enter the pressure
line except when supplied in quantities t60o gTeat for the
drain holes to accommodate. Although many varliations of
the baffling:and the drain holes-exist in practice, the
same ba31c principle is found in all cases.

It is fairly obvious that an air speed head will,
flood if the amount of water supplied to-the:pitet. open-
ing per unit time. is greater than the dischhrge capacity
of the useful drain holes-at the dynadmic pressiure Torte~
sponding to the speed flown. Since the water supplied is
propprtional to.the raim density and the true air speed
and the discharge is theoretically proportional to the-
air speed, it is-evident that there is-=some critical rain
density. or A:combination’ of speed and rain. density below
which the ailr-speed head remains clear%and above which -

-

P o .- PO .

Befors the.question 0f" the: actial rain density re=-
quired: for flooding is-discussed, the probable result of
flooding will be considesred. TFlooding of the head simply
means that the baffle-protected opening. to.ithe pressure
tube is no longer clear of water so that, if a pressure
differential exists between' the pitot- opening and' the air-
speed. indicator, the water will- -be"forced ih the direction
of low:pressure. . If this direction. isrtpward the-indica~-
tor.sand. the indicator is above: the air-speed headd, water
will:rigse-in the: pressnure-:line-and.the 24ir- speed indica—

- tien will be- Erroneously low. R N At R e

- . L= e A A
A SR Y i Cose

There are several wvays din-which a pressure di feren—'
tial acting toward the indicator will or may develop. The
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rain impinging on the entrappsd water through the pitot

opening develops & pressure in the same manner as has .
been seen in connection with the drag of rain impinging

on the frontal area of the airplane. In the case of the ¥
air-gpeed head, however, the pitot opering is so small

that it is doubtful whether the rain pressure can prop-

erly be considered to be uniform, It seems more likely o
that there would be & fluctuating pressure ranging fron

zero between drops to high values when the drops actually

impinged. Even so, it is unlikely that the pressure of

the rain alone is important. A&ny head of water rising -
in the tube would come to equilibrium with the mean rain

pressure and the net pressure change at the alr-speed

indicator would be zero.

More important.sources of pressure differential are:

..1 - A leaklin the pressure'line : .
2. Descent of the airplane
3. An increase 1n the speed of the airplane n

If any one or & combination of any of these three situa-

tions exists, the entrapped water will be driven up the "
pressure tube and an error will occur becaveo the only

pressure available for balancing the head of water in the

tube 1iIs the dynamic pressure itself.

The probvability of occurrence of such an error, once

the head floods, is so great as to be almost a certainty. ,
Slight leaks in pressure tubes, which normally are of no
concern, are by no means unusual and might almost be saild
to be the rule rather thar the exception. In the convec~—
tion currents and the turbulence of cumulo-nimbus clouds,
the altitude and the air speed of the airplane are oon-
stantly changing as the airplane enters and emerges from
the convection currents. An. air-speed error is almost
bound to occur if the rain density is sufficient to cause a
flooding of the head., '

. Now, as, far a8 the- question of flooding is concerned, ~

it 1s possible to calculate the rain density at which

flooding will occur if the usually assumed discharge co-
efficients are taken for the drain holes, Such oalcula-

tions lndicete that modern air-speed heads should not

flood with any conceivable rain density. Discharge coef-

ficients of small orifices across which an air stream is

bPlowing at high wvelocity are highly uncertein and, without
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& knowledge of the correct discharge coefflclents, any
calculations that might be made would lead to lnconclu-
gsive results. Moreover, examination of several supposed-
ly serviceable air-speed heads has disclosed that in some
cases the drain holes were clogged; any such head would
eventually flood almost regardless of rain density. It
was therefore felt that some modern alr-speed heads should
be subjected to test in simulated rain of various densi-
ties and at various ailr speeds. A brief account of such
tests ls given in the following section.

TESTS ON PITOT-STATIC HEADS IN SIMULATED HEAVY RAIN

Three modern, electrically heated, alr-speed heads
were subjected to water sprays at various speeds in the
8-foot -high—-speed wind tunnel of the NACA laboratorles at
Langley Field. These heads are designated A, B, and C.
They had all been 1in service but were issued from stock
as usable material. g

The dralm holes of all three heads were completely
clogged by forelgn matter as received for test. Heads A -
and B were tested both in the plugged and in the clear
condition, while head € was tested only in the clear con-
dition. . LTy ST e

The method of testing was somewhat crude and con-
sisted essentlally in spraying water on the heads from an
ordinary nozzle mounted several feet upstream from the
heads. The nozzle was eduippéd .with-a diffuser to make
the spray as uniform as was practicable, and the spray’
density was determined from the measured dlssharge capac-—
ity at various valve settings, the spray diameter at the
location of the air-speed Heads, and the air .speed. Dur-
lng a test the alr stream was first brought up to test
speed, and at a convenient time the water spray was
quickly turned on. Flooding of the heads was observed,
in the case of heads A and B, by noting the appedraiice of
water in a glass tube mounted in the pressure line immedi-
ately above the head and, in the case of head C, by noting
the behavior of an air-speed indicator to which the pres-
sure and the static lines were attached. In this last
case flooding was presumed to have occurred when the air-
speed indicator showed noticeable departures from the pre-
viously steady condition. In all cases the time was ob-
served between the moment the water was turned on and the
moment floodlng was observed.
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A summary of the .test ‘conditions and results follows:
o= . Head A

[Drain holes clogged, 0.02~ inch~diameter leak in pressure
tube] .

Approximgte simulated Tunnel speed Time to flood.
rainfall - - . (mph} (min)
(in. per min)
0.8 . 160 : 1
Drain holes clear

.8 160 .No flooding in 6

.8 . 196 . Less than 1

Head B

[Drain hales clogged, 0.02~inch-diameter leak 1in presaure
tube

Approximate simulated Tunnel speed Time to'flood
rainfall (mph) . {min)
(in. per min)
0.3 ' 160 - 3
Drain holes clear : ,

5 . . 160 . No flooding in 6

.3 : . 195 - - Slightly more
: ' . than 1
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G el Hema oo - e
. [Drain: hole clear; very small ieak, representative of
g nearly tight installations, simulated by 5-inch
length of capillary thermometer tubing]
< . o e
Approximate. Prue .o o T e
simulated. .- . tunnelw "+ .+ ' Remarks '
rainfall - speed . . O :
. (in.  per min) (mph) .
0.20 170 Plooded.in 1 or.2 sec;
. indicated spoed dropped
: 40 mph In 38 sec. R
' .60 g 210 - Flooded instantly; indi-
. cated speed dropped 50
) mph in less than 1 min.
, .60 - 180 Tunnel speed increased ~
s - o : from- 190 to 220 in 20
4 A C o . 220 . - .. secirindicator showed

constant epeed.

M - e

These test results clearly indicdate that modern
air-speed heads may flood very quickly whern subjected °
to heavy, but not necessarily extreéme, raln dérsities
‘et the crulsling speeds of.moédern transport airplanes.
) Head O, which was.of an older type than heads & ‘or B,
nflooded almost instedntly under conditions- that were
rather moderate as-compared with the ‘éxtieme conditions
s possible. s . N
The behavior of head C was particularly illuminat-
ing because it showed that, even with a very small and
not unusuwal leak, the air-speed indication would graduval-
1y fall wlith the actual alr speed remaining constant. '

4 When the ‘indicated valude wae 'held ‘constant, the actual
alr speed graduelly increased. It 'Is obvioué that, with
a somewhat larger leak, the rate at which the indicated

air speed would fall would be gredater and vicé versa.

It would therefore seem that, between the tight condition
and the large-leak condition in which lderge and sudden
errors wouwld occur, there is a range 'of conditions within
which serious errors may occur but which 'are of such a
nature as not to be 'easily recognized. 'In other words,
with a large leak the air~speed indication would gquickly
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drop to very low values so that the malfunctioning of the
indicator would be obvious to the pilot, whereas with
small leaks or with some of %he ofther causes of the pres-
sure differential acting the behavior 'of the indicator
may be such that the malfunctioning would not be clearly
evident. This case is particularly serious because,

while flying blind in rough dir, the pillot may be led to
dive the airplane, in an attempt to malintain constant
speed indication, before he recognizes the trme situation.

The use of a hand-pressure pump in the pressure line
to clear it of water, which is an expedient adopted by
some air lines, cannot be considered a guaranty against
serlous errors 1If the pilot does not recognize malfunc-
tioning of the air-speed system. A continuously operating
mechanical pump, designed to provide a continuous slight
flow of air iIn the pressure line toward the pitot opening
("reverse leak"), has been suggested as an alternative.
Tests of a reverse leak, made during the rain tests on
pitot tubes previously described in this paper, indicated
that the method is successful in principal. Objections
have been raised, however, to the use of such a device on
the grounds that stoppage of the pressure line by, for
example, lclng of the air-speed head or freezing of con-
densed‘moisture in the line would result in injury to the
air-speed indicator. A safer method would be to insure,
by proper design and maintenance, that air-speed heads
could discharge any amount of water likely to enter the
pitot opening. This solution, however, requires further
research on the discharge characteristics of small ori-
fices past which alr is flowing at high speed and possibly
further research on water-trap arrangements within the
alr-speed head. -

CONCLUSIONS

It is concluded.that it would be highly unlikely for
an airplane te¢ be foreced down from moderate altitudes by
the deleterious effects of heavy rain on the aserodynamic
performance of the 2irplane.

The effects of rain and the associated atmospheric
phenomena on the airplane instruments appear.to be of
small consequence except in the case of the rate-~of-climd
indicator and of the air-speed indicator. In strong con-
vective situations the rate-of-climb indication may be so
seriously in error as to make the instrument completely
useless.
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Tests of modern pitot-~static heads indicated that
they may flood in heavy rain at ordinary cruising speeds.
The tests also showed that, under simulated rain condi-
tions, the existence of a leak in the pressure line can
cause serious errors in the air-speed indication because
of the accumulation of water in the line. TUnder some
circumstances the behavior of the air-speed indicator may
be such that existence of error may not be quickly recog-
nized by the pilot.

Langley Memorial Aeronautical Laboratory.
National Advisory Committee for Aeronautics,
Langley Field, Va., March 24, 1941. .

REFERENCES

1. Clay, Williem C.: Improved Airplane Windshields to
Provide Vision in Storay Weather. Rep. No. 498,
FACA, 1934.

2." Jacobs, Eastman N., and Sherman, Albert: Wing Charac--
teristics as Affected by Protuberances of Short Span.
Rep. No. 449, NaCA, 1933.



O

y Tregula

cur,

—

"0k PO 6D A (19 % 47} ey TTrer e ) Tl 725i '

" FORG'N. TITLE:

v ]

Rhode, Richard V,]DIVISION: Aerodynamics (2) ORIG. AGENCY N~ £y
X SECTION:  Performance (2) TN-803 ’ 1‘

CROSS REFERENCES: Performance - Aerodynamics (69900);

Airplanes - Performance (08L78.6);

UTHON(S) Precipitation effects (73539) &

AMER. TIME: Scme effects of rainfell on flight of eirplanes and on instrument indicatiow

REVISION_]
=

ORIGINATING AGENCY: National A}dvisory Cammittee for Aeronautics, Washington, D, C,
TRANSLATION:

COUNTRY | LANGUAGE JFORG'NCLASY U. S.LCLASS.| DATE |PACES| ILLUS. FEATURES

U.S. | Eng. i Restr, Apr'bll 15 l l
ARSTRACY

Several poseible effects of heavy rein on aerodynamic performance of an eirplane and
of heavy rain and essociated atmospheric phenomena on the indications of flight instru-
mente. It is concluded that the effecte of heavy rain on the performance of an airplane
are not so great ae to force the airplane down from moderete altitudes. Some effects are
serious malfunctioning of air-speed indicetor may result from flooding of pitot-static
head and subsequent accumulation of water in air-epeed pressure line and error in rate-
of 1imb indicator may be ceused by rapid varietions of atmospheric pressure, :

NOTE: Requosts for copios of thie roport muct be addreosed to N.A.C.A., Woshington, D. Co‘
T-2, KQ., AIR MATERIEL COMMAND Alﬂ ‘lfscumcm UNDEX WRIGHT FIELD, OHIO, USAAF .
~ : SEoXCT wroa Ban o BL '

L

MAY




-

» X

i)

A
aesification canceliea

Siznzure and Grade

Raia Tt 104




